In cell cultures previously treated with homologous interferon, the magnitude of antiviral activity and the degree of stimulation of aryl hydrocarbon hydroxylase induction appear to be directly related. In a highly purified mouse interferon preparation, the factor stimulating hydroxylase induction and the factor directing antiviral activity are inactivated by heating to 70 C or by treating with trypsin. Also, both activities demonstrate species specificity.
In cell cultures previously treated with homologous interferon, the magnitude of antiviral activity and the degree of stimulation of aryl hydrocarbon hydroxylase induction appear to be directly related. In a highly purified mouse interferon preparation, the factor stimulating hydroxylase induction and the factor directing antiviral activity are inactivated by heating to 70 C or by treating with trypsin. Also, both activities demonstrate species specificity.
The mechanisms by which interferon (IF) causes antiviral activity are not well understood. In cells treated with homologous IF, both deoxyribonucleic acid and ribonucleic acid (RNA) viruses replicate poorly, whereas cell-directed processes appear to proceed normally (12) . Any alterations in a biosynthetic function found in IF-treated cells may be important in elucidating the mechanism whereby the antiviral state is expressed. So far, two general effects of IF treatment that may not be directly related to the establishment of the antiviral state have been reported. Several studies have suggested that IF treatment inhibits growth of neoplastic cells (6, 11) . In addition, IF treatment also appears to prime cells so that when they are infected with viruses, much higher titers of IF are produced than in nonprimed cells (12) . Despite the importance of such findings, two basic difficulties in their interpretation exist: (i) because of a lack of highly purified IF preparations, it has been difficult to distinguish between specific effects of IF and nonspecific effects by contaminating products, and (ii) a change in a biosynthetic function in IF-treated cells may be highly specific and difficult to detect in the presence of grossly normal cellular RNA and protein synthesis. We report here that enhancement of a specific cellular function, i.e., induction of an enzyme activity, is detectable in fetal mouse cultures treated with highly purified IF.
Aryl hydrocarbon hydroxylase activity (9, 10) is a membrane-bound multicomponent enzyme system (7) known as a mono-oxygenase (3). The hydroxylase induction by polycyclic hydrocarbons such as benz [a] anthracene (BA) or phenobarbital has been studied in detail with the use of cell culture (5, 9) and the intact animal (4, 10) . The process of induction requires RNA synthesis initially and protein synthesis continuously, and either transcription or translation may proceed independently of one another (9) . The hydroxylase induction by aromatic hydrocarbons appears to be a highly specific function, expressed in many tissues of the mouse as a simple autosomal dominant trait (4) . There is also positive expression, rather than repression, of the hydroxylase induction by BA in somatic-cell mouserat hybrid, fused cells (2).
MATERIALS AND METHODS
General methods. The preparation of fetal mouse secondary cultures (8) and fetal rat liver primary cell cultures (5) and the time course of the hydroxylase induction caused by polycyclic hydrocarbons or phenobarbital in the growth medium have been previously described in detail. One unit of aryl hydrocarbon hydroxylase activity is defined (10) as that amount of enzyme catalyzing per min at 37 C the formation of hydroxylated product causing fluorescence equivalent to that of 1 pmole of 3-hydroxylbenzo [a ]pyrene.
Interferon treatment of cultures. Mouse IF from mouse tissue cultures was purified by the method of Paucker et al. (11) . The preparation used contained at least 1. RESULTS AND DISCUSSION Figure 1 shows that previous treatment with purified mouse IF enhanced (P < 0.001) the rate of hydroxylase induction in fetal mouse secondary cultures by BA. In Fig. 1A In several such experiments (Fig. 2) , a direct relationship (P < 0.01) between enhancement of hydroxylase induction by BA and antiviral activity was found. Hence, whereas the maximal antiviral activity ranges between 1.5 and 1.8, the stimulatory effect of BA-inducible t hydroxylase activity was approximately fourfold in experiment 1 and twofold in experiments 2 and 3. Table 1 shows that trypsin and heat destroyed both the factor augmenting hydroxylase induction by BA and the antiviral activity.
Trypsin inhibitor was able to prevent the action of trypsin. Also in Table 1 Superficially at least, the enhancement of hydroxylase induction by IF treatment resembles IF priming, resulting in enhanced IF production (12) . In both cases, higher activities of a specific product or activity are reached, and neither phenomenon appears to be directly related to the development of antiviral activity. It will be of interest to see whether or not additional studies of other specific cellular activities will also show enhancement of such functions after pretreatment with IF.
The process of aryl hydrocarbon hydroxylase "induction" denotes a relative increase in the rate of de novo synthesis or in the rate of activation of enzyme activity from preexisting moieties, or in the rate of both, compared with the rate of breakdown. Since this enzyme may be a multicomponent membrane-bound system (7), there are technical difficulties in attempting to distinguish between enzyme de novo synthesis and activation. Thus the rate of enzyme induction is used here only to express the rate at which induced hydroxylase activity accumulates (see reference 10 for review). Conceivably, IF action might cause activation of the hydroxylase activity, whereas BA action might be directed at increasing de novo enzyme synthesis, or vice versa; this possibility can only be tested when a substrate-specific protein (9) associated with increases in aryl hydrocarbon hydroxylase activity is characterized. Alternatively, such a hypothetical protein might be technically impossible to identify. The increased accumulation of aryl hydrocarbon hydroxylase activity might be caused by any or several subcellular event(s): altered cellular uptake or binding of inducer to "receptor sites," increases in the rate of transcription or translation, or prevention of the normal rate at which the induced enzyme activity is degraded (9, 10) . By the use of previously described methods (8), we found no correlation between IF-directed antiviral activity and the rate of cellular uptake of BA, the physical binding of BA to subcellular fractions, or the degradation rate of induced hydroxylase activity (not shown). Also, no statistically significant increases in "C-amino acid or 3H-uridine incorporation into perchloric acid-precipitable material from IF-treated cells were found. However, these preliminary gross findings do not rule out the possibility that specific changes in binding of inducer or in transcription or translation occur in the presence of IF.
Therefore, a factor present in a purified preparation of mouse IF augments the induction of a membrane-bound enzyme activity. This relationship does not hold true if the cell cultures approach confluency, at which time the extent of hydroxylase induction is decreased (9) while some antiviral activity is still present. Whereas this stimulatory effect on enzyme induction and the antiviral activity appear to be directly proportional, it must be kept in mind that even this highly purified preparation of mouse IF may contain contaminants that cause this action.
